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Preface 


Bar-Hillel wrote in a recent report: 


Old-fashioned traditional scientific methodology is to be overcome 
and improved upon not by symbolic logic but rather by a modern 
methodology of science and a better understanding of theory and 


concept formation. ! 


The work summarized in: this paper represents a preliminary investigation in- 
to an organization of information pertaining to chemical processes to which 
machine storage and retrieval techniques can be applied. 
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PARAMETERS FOR AN INFORMATION RETRIEVAL SYSTEM 
FOR CHEMICAL PROCESSES 


ABSTRACT 


The data which describe a chemical process are 
analyzed with a view to organizing the information 
for application of machine storage and retrieval 
techniques. The approach is to isolate the sites 
of reaction in reactants and products as the basic 
units of information. A notation system is evolved 
for symbolically representing the data pertaining 
to the chemical changes. Areas for further study 
are indicated. Exemplary chemical processes 
are analyzed, and searches for process infor- 
mation are traced in appendixes to the report. 


STATE OF THE PUBLISHED ART 


There exists no ready-made tool, at present, 
which can be exploited as a means for easily 
locating information with respect to the chemical 
changes which occur in the transformation of one 
chemical compound into another. Information 
about chemical processes is usually submerged 
within classificatory arrangements based on chem- 
ical compound structure. In chemistry treatises 
and indexes, processes are described in terms of 
the ingredients which are subjected to reaction 
or in terms of the products formed.2 In two com- 
pendiums devoted solely to chemical processes, 
arrangement of the information is in terms of the 
reactant name or structure.8 There is, of nec- 
essity, a loss of information in these arrange- 
ments—e.g., those components of a reaction which 
are not indexed are lost to all but those who make 
a serial check for them through the entire text. 
Additionally, uniform or comprehensive extrap- 
Olation of information generic to reactions or 
reactants is not readily possible with such ar- 
rangements. 

Recent literature has included texts concerned 
with mechanisms of chemical reactions.4 It is 
not within the objectives of the texts to systematize 
the contents to serve as an information storage 
and search tool.5 A notation system has been 
evolved by Ingold which is limited to the mech- 
isms of the esterification process.6 The unimo- 
lecular-bimolecular-intramolecular codings of 
Barnett? are broader in scope, but neither system 
provides for details about reactants or process 
conditions. 

The work of Theilheimer8 is a departure from 
traditional approaches to chemical process doc- 


umentation. The Theilheimer classification is 
based on the chemical bonds formed and broken 
during a reaction and on the nature of the re- 
action as an addition, rearrangement, exchange, 
or elimination. This information is represented 
symbolically. Reactions which are species of a 
general chemical change concept are grouped to- 
gether. The antecedent of the Theilheimer system 
is that of Weygand, who organized process infor- 
mation from the standpoint of the bonds formed 
during a reaction with subgroups based on the 
elements sharing the bonds.9 


THE "INFORMATION" CORPUS 


The basic premise of Weygand and Theilheimer 
for chemical process classification is also that of 
the present system. The system proposes de- 
scriptors for the sites of reaction within a mol- 
ecule as the basic units of information. Whereas 
Weygand and Theilheimer restricted consideration 
to particular sites of reaction and particular re- 
actants and products, the present system pro- 
vides for all sites of reaction of all reactants and 
products. Additionally, variables pertaining to the 
chemical and physical environments significant to 
process operability are included. 

The following conceptual categories of infor- 
mation are viewed as necessary components of 
a system for characterizing chemical processes: 


I-Element-bond relationships at the sites of 
reaction within the reactant and product mol- 
ecules. 


ll--Descriptors which distinguish: 


(1) Reactant from product 

(2) Stoichiometric proportions 

(3) Number of similar changes in a molecule 

(4) Character of bond at the site of change 
(i.e., single, double, polar) 


Ill--Descriptors which relate: 


(1) Plural sites of reaction in the same mol- 
ecule 

(2) Elements in the reactant with their counter- 
parts in the product 

(3) The site of reaction with its structural 
position in the molecule (e.g., as part of 
an acyclic chain; in a ring) 


-5- 


_ ie 


IV—Terms to describe the physical environment 
(e.g., temperature, pressure, timeof reaction). 


V—Terms to describe the chemical environment 
(e.g., pH, catalyst, solvent). 


SYMBOLIC REPRESENTATION 


A set of symbol descriptors has been evolved 
for representing the foregoing items of process 
information. 

The element-bond structure at the site of re- 
action is described by the notation 


n n 
YA —B 
P5qQ P»Q 


A and B are the elements and — is the bond at 
the site of reaction in the molecule (reactant or 
product). The Y denotes the number of occur- 
rences in a molecule of the information portrayed 


in the L 1 Subscript p denotes the type of molec- 
ular structure of which the element is a part, 
e.g., acyclic, homocyclic, heterocyclic. Subscript 
q denotes the number of bonds between the ele- 
ment and hydrogen. Superscript n is an arbi- 
trarily assigned number by which an element may 
be traced through a reaction, i.e., from its con- 
figuration in the reactant to that in the product. 


The(__]signify the beginning and end of informa- 
tion about an element-bond group at a site of re- 


.action. Thus, 
23C = 
: 0,2 Tey, | 


represents a reaction occurring at both double 
bonds in the molecule 


HC =CH—CH=CH, 


Since the subscript q accounts for bonds with 
hydrogen, hydrogen is excluded as an element 
variable (i.e., A, B). When the site of reaction 
involves hydrogen attached to another element, 
the change effected by the reaction is shown by 
a change in value of g. Since the basic grouping 
within a pair of square brackets involves a pair 
of elements and the connecting bond, the q device 
permits reaching back into the surrounding struc- 
ture of the molecule and adding additional ele- 
ments to the basic configuration. For example, 


when a reaction occurs 
the following structure: 


at the C—H group in 


H,C—C=H 
H 


2 


the site of reaction is represented by 


c .—C 
[%,37%o,3 | 


This device permits added depth of specificity of 
the structure of the molecule at the locus of 
reaction. 

The elements at the sites of reaction in a given 
reaction are uniquely identifiable by superscript 
number. In the element-bond designation, 4 
plurality of similar sites of reaction is shown 
in the value of Y and the superscript. Thus, 


1,4 2 
[2 : Tone 2 
0,2 0,1 


describes a reaction occurring at both double 
bonds in the molecule 


1 2 3 4 
HC =C H—C H=C H 
2 2 


A plurality of similar sites can also involve a 
single element at the apex of a symmetric struc- 
ture. Reaction of both =0 groups of the structure 


is represented by 


Special forms of the element-bond notation 
occur when a molecule composed of hydrogen and 
a single element or an element in elemental (molec- 
ular) form is a reactant. The notation in both 
instances contains a single element, 


cea 


the value of p indicating whether A is in elemental 
or combined form. 

The molecule (reactant or product) is the basis 
for an additional level of grouping which is repre- 
sented as follows: 


nh. —_ pn yRn __pn 
{a [> Ap,q BB.a | [ F8.q Faq |} 


The { } enclose all of the site-of-reaction infor- 
mation pertaining to a single molecule. The @ in- 
dicates the role of the molecule as reactant or 
product. The B defines the stoichiometric pro- 
portion of the molecule in the reaction. 

By a subscript device, parent molecules are 
identified in the symbolic representation. Two 
degrees of association are provided as illus- 
trated by subscripts 6 and 6‘ in the following no- 
tation: 


The Subscripts outside the } (i.e., 6,6') iden- 
tify the molecules containing the sites of reaction 
described within the { } . Additionally, reactant 
antecedents are indentified within the { } pertain- 
ing to products. The reactant antecedent of an 
element-bond group is identified by the subscript 
outside the _]. Thus, the { }, above pertains to 
reactant 6. The{ (CJ, Ys :above pertains to prod- 
uct 6" containing the [A=B] site of reaction 
resulting from reactant 6. 
He pero symbolic grouping arrangement is 
wy or chemical and physical environment data. 
€nce change data are also included in this 


group. Process information which is presently 
included is not exhaustive of the items which may 
ultimately be included but is only illustrative. 
Most of the environment data are presently re- 
corded in the terms used in their disclosure. 
An exemplary symbolic representation is: 


24°C 
50 psi 
5 hrs 


{Pe}, 


n 
«A x-y> 


The f{ | denote the beginning and end of this 
grouping. The {pp}, represents a compound of 
the chemical environment. Subscript 4 denotes 
the role of the compound, e.g., catalyst, reducing 
agent. The <A" x-y> is the representation for 
valence changes: the < > signifying the begin- 
ning and end of the piece of information, A rep- 
resenting the element, and x and ¥ representing 
the element valence in the reactant and product, 
respectively. 

The notations and their meanings are sum- 
marized in Appendix A. 


ILLUSTRATIVE PROCESS ANALYSIS 


Translation of the description of a chemical 
process from the language used in the document 
to the symbolic representation of the system is 
illustrated below. The exemplary process is 
disclosed in U. S. Patent 2,640, 067 as follows: 


2,640,067 


GRIGNARD REAGENTS OF ORGANO- 
ALKOXYSILANES 


Example 1 


440 grams of trimethylchlorosilane in an equal 
volume of benzene was mixed with 378 grams of 
3-chloropropanol-1 and anhydrous ammonia was 
bubbled through the mixture until the odor of 
ammonia persisted. The ammonium chloride 
formed was removed by filtration and the prod- 
uct was distilled to give 513 grams of 3-chloro- 
propoxy-1-trimethylsilane, boiling point 155°C. 
at 733 mm., 


n25°C. 1.4164 


a25°c, 
4°C. .9371 


and specific refraction .2680. 


39) c 


The stoichiometric equation for the above proc- 
ess, with the reactants and products represented 
by their chemical formulas, is: 


(CH ) SiCL + C1(CH ) CH OH 
33 2 ee 


This equation incorporates all of the information 
from which the symbolic representation is de- 
rived. All bonds of the non-hydrogen elements 
with hydrogen are shown. The above equation 
includes an example of an element bond with hy- 
drogen as a site of reaction (the O4 bond with 
hydrogen) to illustrate the technique of extending 
the site-of-reaction description one bond back 


+ NH > C1(CH ) CH OSi(CH ) + NH Cl. into the structure of the molecule (i.e., to C3-04) 
3 rome 33 y when this special case arises. 
The structural representation for the above re- 
action is : 
t 4 
1 
H i-C-# HHH H HHH Uu-C+HH H 
aa | | ligt 1 | +/ - 
H-C-Si-Cl + Cl1-C-C-C-0-H + H-N-H —-» Cl-C-C-C-0-Si-C-H + H-N-H Cl 
ine ile ing tl = 
E u-C-# HHH H H H_ #--C-#H H 


i 
i 


A modified version of this representation is 
used in the process analysis. Element bonds to 
jaydrogen are shown by lines from the non-hy- 
drogen element; the H’s are omitted. Heavy lines 
denote the bonds at the sites of reaction which 
are affected by the process. Superscript (n) 
values are assigned to the elements at the sites 
of reaction. Thus modified, the above repre- 
sentation becomes: 


| 
H 


Each of the following expressions enclosed 
in square brackets describes a site of reaction 
in the process: 


eo Mosel [22° Soval L.3] Pe 
Ss cs. lessor So I E 25,08" " 


~e= 
im ® fal | 6 e) 
-C-Si @eCl + eS = + FO) —» ee ORO, =Co ee Nal 
7s lanl ein Ea / | SP 


[b] 


The letters a, 6, c, d, and e recorded below the 
structural formulas represent values assigned to 
the 6's discussed in the preceding section. En- 
circled numbers J, 2, 3, 4, and 6 are arbitrarily 
assigned superscript 7 values. 

The sites of reaction are: 


1 2 Be 
| 
Dae—OA- +) C= 10 = 
| 
& igo re 4 5 2 
CeO Cl + = Ni —C1 
| /\ 


The — and =represent single and ionic bonds, 
respectively. The sites are all at acyclic seg- 
ments of the compound structures as represented 
by subscript 0 in the first subscript position (p) 
for each element. The number of bonds of each 
element with hydrogen is noted in He second 
subscript position (gq) e.g., the 0 of Si! 0,0 sig- 


nifying no bonds of Si with hydrogen and the 2 of 


C89 5 signifying two bonds of C3 with hydrogen. 
phe] NS | term illustrates a special form of the 
notation for sites of reaction composed of one 
non-hydrogen element. 


| ~ (2 


The symbolic statement of the process is: 


2 1 4 3 
{af C= Gh ] {af D.2€ ] [1 x | {c,x,} 
0,0 0,0], One Os2, Ps xen OV| r 2 
<N 3-5> 

& a 4 1 2 Pee, 
iri Oe A0;) inst nfr er =N | 

0,0 0,24, 0,0 0,01 | : 0,0 O04. 

’ ’ e 


The reactants have single sites of reaction. This 
is reflected in a single [ ] term enclosed by { } 
for molecules @, 6,and c. Product d contains two 
sites of reaction: the Si! portion from reactant @ 
and the C8 - 04 portion from reactant b. The 
sites are described in separate [ ] groupings 
within the { } for product d. Stoichiometrically, 
the compounds react on a one-for-one basis as 
shown by the numeral J in the first numeral po- 
sition following each {,(8= 1). Asingle occurrence 
per molecule of a change in each element -bond 
group is shown by the numeral 1 following each 
(, (Y=1). Reactants are distinguished from prod- 
ucts by - and +, respectively, in the first symbol 
position following each {. 

The statement of the process discloses one en- 
vironment condition--a benzene solvent. This 
information is represented in the symbolic state- 
ment by sh within the f | grouping. The 


change in valence of nitrogen effected in the proc- 
ess is noted by <N 3-5>. 

The analysis for this process is consolidated 
as the first example of Appendix B. Additional 
examples of chemical processes disclosed in the 
patent literature are analyzed in Appendix B. 
Major steps in the evolution of the symbolic rep- 
resentations are included in the analyses. 


SEARCH PARAMETERS 


_ The system is designed to permit flexibility 
in defining a field of search for chemical process 
information such as is required for use in pat- 
ent examination. A question may be framed in 
any one of a variety of degrees of specificity. 
For example, a search may be for af +{ A - DJ} 
group, or for a{( A -B]} group in combination 
with{+{ A -DJ}, or for a {-C Ang B)) and 
{+A g!-D1) combination, where p',q'differs from 
p,q. 

By the selection of some pieces of information 
and the suppression of others, a series of search- 
es can be formulated for varying combinations, 
thus permitting the user flexibility in stating his 
search request. Selection can, for example, be 
made to provide a search for a specific set of 


variables, or for the same set excluding all proc- 
ess conditions, or for sets of selected reactant 
and product combinations, or for structural var- 
iations within the reactants and products. 

Several illustrative searches are given in Ap- 
pendix D. 


ADDITIONAL INVESTIGATIONS NEEDED 


For practical purposes, the approach in ap- 
plying the notation described above to process 
disclosures is to symbolically represent the proc- 
ess data as disclosed. The symbolic represen- 
tation is restricted to the reactants and prod- 
ucts specifically described and to the mechanisms 
of reaction disclosed or reasonably implied from 
the compounds. For the preliminary investiga- 
tions reported here, selection of the unit of in- 
formation contained in square brackets as the 
locus of reaction was made intuitively. The re- 
sults of this first study indicate that this may 
not be a completely satisfactory means of record- 
ing meaningful information. Further study is 
going on to determine whether or not complete 
functional groups should be treated as the basic 
units of information. 


WORD DESCRIPTORS 


Word descriptors of chemical processes are 
less amenable to standardization than structures. 
A word can describe more than one process. Con- 
versely, a process can be described by more 
than one word. For example, the synthesis of 
acetic acid from acetaldehyde is describable as 
the: 


Reaction of an aldehyde 

Production of an acid 

Formation of a carboxylic acid 

Oxidation of an aldehyde 

Replacement of a C-H bond 

Substitution of an -OH bond for an -H bond 
Formation of a C-O bond 


as well as the synthesis of acetic acid from 
acetaldehyde. Moreover, some words which are 
used to describe processes have no relation to 
any structural change involved in the process 


Oe 


a 


i226" 


(e.g., Cannizzarro reaction, Diels-Alder synthe- 
sis). 

Resolution of the word problem is expected to 
be attained through collection, definition, and 
classification of the words, and symbolic repre- 
sentation of the process concepts embodied in the 
words to the degree possible according to the 
definitions. 


EXPECTATIONS 


A perfected system for storing information on 
chemical processes is expected through merger 
of the site of reaction description with stand- 
ardized words. The discrimination provided by 
this combination should permit a question to be 
phrased in terms of the information actually sought 
for rather than in terms of a fixed and limited 
vocabulary. As a corollary, the search should 
retrieve only desired information and no false 
drops. Search questions of any degree of gen- 
erality should be permissible. The above de- 
scribed system is believed to be an approach to 
these goals. 
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Over-all notation: 


Grouping symbols: 


(} 
| 
Ja 
e > 


On-line symbols: 


A,B,D,R 


PP 


Subscript symbols: 


P 


APPENDIX A 
NOTATIONS GLOSSARY 


Define the beginning and end of information pertaining to a chemical 
compound. 


Define the beginning and end of information pertaining to a site of reac- 
tion within a chemical compound. 


Define the beginning and end of information pertaining to the environ- 
mental conditions of the process. 


Define the beginning and end of information pertaining to a change of 
valence. 


Identifies the site of reaction as one at which a process change takes 
place («= -) or has taken place (& = +). 


Identifies the stoichiometric proportions of the compounds. 


Identifies the number of element-bond structures of the same configu- 
ration in the molecule which undergo a change. 


Representations for the elements (i.e., C, N, O, Na). 


Representation for the compounds part of the chemical environment. 


Identifies the bond of the element-bond structure [-, =>, 


(ionic bond), —»(polar bond)]. 


Representation for physical environment conditions (e.g., temperature, 
pressure). 


Identifies the initial valence (x) and the final valence (y) of an element 
which undergoes a change of valence. 


Identifies the part of the compound structure containing the element, as 
follows: 


€ elemental form 


Se 


Subscript symbols—Con. 


ax) simultaneous member of 2 heterocyclic rings 
«xp simultaneous member ofa heterocyclic anda carbocyclic ring 
gg simultaneous member of 2 carbocyclic rings 
w member of a heterocyclic ring 
e) member of a carbocyclic ring 
0 member of an acyclic chain 
Identifies the number of bonds of the element with hydrogen. 


Identifies the compounds from which the sites of reaction are iso- 
lated. 


Defines the role of the compound in the chemical environment (e.g., 
catalyst, diluent, reducing agent). 


Superscript symbol: 


n 


Identifies a particular element in the various element-bond struc- 
tures in which it occurs. 
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APPENDIX B 
EXEMPLARY CHEMICAL PROCESS ANALYSES 


Applications of the system to process disclosures 
are illustrated in this appendix. The disclosures 
are examples of invention extracted from the texts 
of U. S. patents. The first examplein this appendix 
is of the process analyzed in the report. 

For each process analysis, the following informa- 
tion is given: the patent text description of the proc- 
ess; a structural representation of the reactants 
and products; a structural representation of the 
sites of reaction isolated from the compounds; a 
description of the reaction in terms of the system 


evolved in this report; and a code number. The 
code numbers are used in lieu of the patent num- 
bers in references to the processes in subsequent 
appendixes. Code number-patent number equiva- 
lents are listed at the end of this appendix. 

Since the purpose of this appendix is primarily 
to demonstrate applicability of the system toproc- 
ess disclosures, analysis has been restricted to in- 
formation pertinent to reactants and products (i.e., 
wavy bracket { } terms). 


oo Lg re 


2,640,067 


GRIGNARD REAGENTS OF ORGANO- 
ALKOXYSILANES 


Example 1 


440 grams of trimethylchlorosilane in an equal 
volume of benzene was mixed with 378 grams of 
3-chloropropanol-1 and anhydrous ammonia was 
bubbled through the mixture until the odor of 
‘ammonia persisted. The ammonium chloride 
formed was removed by filtration and the prod- 
uct was distilled to give 513 grams of 3-chloro- 
propoxy-1-trimethylsilane, 


ee 


Structure representation: 


| 
=O Ge 
eo) 1! 6 | } The J) loi 19 2 
~C-Si=Cl + C1-C-C-C-O—= + -N- —» C1-C-C-C-0--Si-C- -Ne=s Cl 
\ ie aE 4 a | 
=G= = Om 
| 


Sites of reaction: 


<2 13 4 | 13 & 
Sumo lems 620 a0 a0 Ene oon 


I | 
System notation: 


2 1 4 3 
=i Ch = si =1/1 0 -C 
{ 0,0 0,0 0,1 0,2 


4 3 oe 1 
“UM @© 3 j1 Oo - Si 
0,0 0,21, L 0,0 0,0], 5 


Code identification no.: 067 


2,712,011 


3-SULFONAMIDO-6-CHLOROPYRIDAZINES AND 
PROCESSES OF PREPARING SAME 


Example 1 


A slurry of one part of maleic hydrazide in 7.1 parts 
of phosphorus oxychloride is stirred for fifteen minutes at 
room temperature and then heated ts 90” C. Heating is 
discontinued at this point, as the heat of reaction is suffi- 
cient to maintain the reaction at this tcmperature. After 
about twenty minutes the reaction is substantially com- 
plete, and excess phosphorus oxychloride is removed by 
vacuum distillation. The resulting oily residue is drowned 
in ice water, which results in the appearance of a copious 
tan precipitate. This mixture is made alkaline by the 
gradual addition of concentrated arnmonium hydroxide, 
and the mixture is then extracted to exhaustion with ether. 
The ether solution is dried by treatment for about sixteen 
hours with calcium sulfate at 8° C. and is then filtered 
and concentrated to a small volume by evaporation of 
solvent. The remaining concentrated solution is distilled 
in a vacuum and a fraction boiling at 123° C. to 127° C. 
at 8 mm. pressure is collected. This 3,6-dichloropyrida- 
zine has a melting point of about 66° C. to 68° C. 


Structure representation: 


® 


) 


-' oP. 6. © 


aay =C 


fl 


® 
oe + ©. 0,8 _, a 


| YQ. 4 


Cl 


10 
Cl 
Sites of reaction: 13 
Cc 
} 2 5 6 9 10 144 ©0112 5FN>2 
EN Ni-Ol-C=—Cl-ON-O0- ne Cll —P) | =C1. —> mC ! 
Viera. | 6 \4 
Ih, I Ze N 
0 0 NA 
Cc 
71 40 
Cl 


System notation: 


{ 1 2 2 3 4,8 3,7 556 
SWAN = ON, Jt oe 20° = AO. KG 
t Osun OmeO,O' a "070" 0,0 0,1 


3,7 
Cc 


10,12 
2501 - 
0,0 ,0 


Code identification no.: 


10,12 
ale Clee 
0,0 


i 


11,11 \ 
=P 


0,0 


5,6 3,7 5 6 
Cc =cC 1C -C 
a1 “5,0 I oe) wy 


011 ie 


1 2 
+1)1 = N = N 
Jk Se sal, 


2,712,029 


MONOAMIDES OF TRIHALOMETHANEPHOS- 
PHONIC ACID MONOESTERS 


Example 1V.—Vinyl N,N-diphenylamidotrichloro- 
meithanephosphonate 


2 -N,N - diphenyiamino - 1,3,2 - dioxaphospholane was 
heated to about 145° C., and an equimolar amount of 
carbon tetrachloride was slowly added thereto over a 
period of about 242 hours. The mixture was topped at 
100° C. at 150-200 mm. pressure, obtaining as product 
vinyl N,N-diphenylamidotrich!oromethanephosphonate. 


Structure representation: 


@) Q_ © SS 
| =n) + c1-c*@mcl > P -"{_) 
eee o1 cl- ve 6 
o1 


Sites of reaction: 


System notation: 


7 4 3 2 3 ue 1 
-111 0 -C nC eortel 1: OMneic 10 -P 
o,0 4,2 “,2  o,2 0 42 “0 4,0. 


Code identification no.: 029 
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d 


2,719,158 
1-HYDRAZINO-ISOQUINOLINES 


Example 2 


2 parts by weight of 1-hydrazino-isoquinoline are dis- 
solved in 25 parts by volume of 2-normal sodium acetate 
solution, and 2 parts by volume of acetone added. The 
4 resultant oily precipitate, when triturated, becomes crys- 
a talline. It is the 1-(N,N-dimethylmethylenehydrazino)- 

, isoquinoline of the formula 


which after recrystallization from cyclohexane melts at 
105-106° C. 


Structure representation: 


meee es a ee 


; : ; Sites of reaction: 
‘iifears 3 4 1 Qo 3 
ENE Ni-teese Ce=0 9 —>* ~=N -N =C 
| 


‘System notation: 


1 4 3 
N il] © Bé 
0,1 OF “Op 


. M 
4 


. Ph, , : ow a 
= Code identification no.: 158 


2,719,161 
PYRIDINE THIOSEMICARBAZONE 
Example 2 


About 10.7 g. of 3-formyl pyridine (nicotinaldehyde) 
and 9.5 g. of thiosemicarbazide are boiled for 30 minutes 
in a solution of 100 cc. of water to which has been added 
5 cc. glacial acetic acid. The nicotinaldehyde thiosemi- 
carbazone begins to separate as coarse, pale-yellow crys- 
tals even while the solution is still hot. These crystals 
are removed by filtration and dried. Their melting point 
is about 216° C., with decomposition. The product 
dissolves in dilute hydrochloric acid and in dilute sodium 
hydroxide solution, yielding a yellow solution, and it 
forms a copper complex salt which may be recovered as 
a greenish, yellow powder. This product, nicotinalde- 
hyde thiosemicarbazone, is represented by the formula: 


CH=N.NH.C(:S).NH; 


Structure representation: 


: aos 
Cee". -PPb = 
a 


Sites of reaction: 


System notation: 


Code identification no.: 161 
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2,793,224 


P-CHLOROPHENYL-MERCAPTOMETHYL DI- 
ALKYL DITHIOPHOSPHATES AND THEIR 


USE AS INSECTICIDES 


The compounds of the present invention can be made 


in the following manner: 


R-1246—About 10.0 gms. (0.05 M) of p-chlorophen- 
ylchloromethy! sulfide, 15.0 gms. (0.06 M) of potassium 
diisopropyl-dithiophosphate and 100 ml. of 95% isopro- 
panol, were refluxcd two hours. The bulk of the alcohol 
was distilled off and the residue treated with 100 ml. of 
cold water and 100 ml. of 30-60° petroleum ether and 
the mixture transferred to a separatory funnel and shaken 
thoroughly. The Jower aqueous layer was discarded and 
the petroleum ether layer washed several times with cold 
water, dried over anhydrous sodium carbonate, filtered 
and the petroleum ether distilled off on the steam bath. 
The product, a light yellow colored liquid, weighed 12.3 
gms. (64.0% based on the p-chlorophenyl-chloromethyl 


sulfide), The No®=1.6200. 


Structure representation: 


| 
[>] 
Sites of reaction: 


1 2 3 4 Sine! 
=o =O + Ss -K — Ss -C - 
i 1 


System notation: 


2 1 4 3 
= Ch Se Il) i oS +111 8 
0,0 0,2) (, 0,0 0,0}, 


Code identification no.: 224 


= 2) = 


2,859,245 


REACTION OF SF, WITH ORGANIC COMPOUNDS 
CONTAINING A CARBONYL RADICAL 


Example I 


A “Hastelloy”-lined bomb (capacity, 145 parts of wa- 
ter) was charged with 34.8 parts of acetone and 75 parts 
of sulfur tetrafluoride. The mixture was heated with 
shaking at 110° C. for 16 hours. The reaction products, 
all of which were gaseous at room temperature, were 
distilled in a low-temperature still. There was obtained 
30.5 parts of 2,2-difluoropropane which boiled at —10° 
to —5° C. The identity of the product was confirmed by 
mass spectrometric analysis. Thionyl fluoride was ob- 
tained as a by-product. 


Structure representation: 


‘ 2 Teena 
12s. py , b80L By 
I 15) ) 


Sites of reaction: 


By tS) a eS 4 2 
+ F -S -F —> F-C -F + § =0 


System notation: 


2 1 3,5 yt 3,5 1,1 
=l/q © 26 =| 2 iso +112)Fl = ¢ 
0,0 0,01). 0,0 0,0 0,0 0,0 


Code identification no.: 245 
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2,858,295 


UNSATURATED THIOUREIDO ETHERS, POLY- 
MERS THEREOF AND PROCESS OF MAKING 


Example 1 


A solution of 23.0 grams (0.2 mole) of n-butyl isothio- 
cyanate in 100 ml. of benzene is treated slowly with 
stirring at 20°-30° C. with 17.4 grams (0.2 mole) of 
2-aminoethyl vinyl ether. The mixture is warmed to 50° 
C. to complete the reaction. The solvent is removed by 
stripping at reduced pressure. The residue, 40.6 grams, 
crystallizes and is purified by recrystallization from a 
mixture of toluene and petroleum ether to give 30.4 
grams of a 75.4% yield, of material as a white, crystal- 
line solid, M. P. 42-47° C_ The product, N-n-butyl-N’- 
vinyloxyethylthiourea, 


CH= CHOCH ,CH2NHCSNHC,H,-n 


contains by analysis 13.9% nitrogen and 16.5 sulfur; 
the calculated values are 13.85% nitrogen and 15.83% 
sulfur. The product shows a strong absorption at 12.2 
microns characteristic of a vinyl ether. 


Structure representation: 


Sites of reaction: 


Ale. 3 4 a | 
N =C + aos — -C -N-C-N- 


System notation: 


1 2 3 y 3 y 
-111N =C -1}1 N -C afin -C 
0,0 0,0 0,2 0,2), Ont One 


Code identification no.: 295 


= Pe 


2,856,406 


AMINOACID ESTERS OF N-SUBSTITUTED 
HYDROXYALKYL PIPERIDINES 


Example 1 


N - methyl - 2 - piperidylmethyl - 3’ - morpholinopro- 
pionate, having the structure: 


oO 
cuot-cue Yd 
N’ Se 

én, 
A mixture containing 32.7 g. (0.24 mole) of N-methyl- 
2-hydroxymethylpiperidine, 41.5 g. (0.24 mole) of methyl 
morpholinopropionate, 1.2 g. of sodium methoxide and 
325 cc. of n-heptane was refluxed with stirring. The 
methanol separated as soon as it was formed. After all 
the methanol had been collected the solvent was removed 
by distillation and the product separated by fractional 


distillation, B. P. 140-141°C./0.8 mm., yield 45 g. 
(69%). 


Structure representation: 


Sites of reaction: 


System notation: 


I yb 


d 


Code identification no.: 406 
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2,818,408 
STEROID COMPOUNDS AND PROCESS 


Example 2.—Methyl 3,11-diketo-6-bromo-4,17(20)-(cis]- 
pregnadier. 21-oate (II) 


To a solution of 30.0 grams (0.078 mole) of methy! 
3 - methoxy - 11 - keto - 3,5,17(20) - [cis] - pregnatrien- 
21-oate in 1,700 milliliters of acetone was slowly added 
a solution of 36.0 grams of sodium acetate trihydrate, 33 
milliliters of glacial acetic acid and 33 grams of N-bromo- 
acetamide in 300 milliliters of water while cooling the 
mixture sufficiently to maintain the temperature below 
23 degrees centigrade. After stirring for 1.5 hours, the 
mixture was distilled at between 22 to 25 degrees centi- 
grade at reduced pressure until about half the original 
volume remained. The concentrate was diluted with 
water and extracted with ether. The ether extract was 
washed with an aqueous sodium carbonate solution and 
then with water, dried, and then distilled to dryness. The 
residue consisted of methyl 3,1 1-diketo-6-bromo-4,17(20)- 
(cis]-pregnadien-21-oate, 


Structure representation: 


Sites of reaction: 


Ses 33) tr 15) 6 7. 3 
-C-0-C=C -C =C - + N-Br —» 


~ 


System notation: 


2 
tid 0) = Cc 
0,0 


<e- 


Code identification no.: 408 


2,854,481 


3-(PENT YLTHIO)-PROPIONALDEHYDE 
THIOSEMICARBAZONE 


In a representative operation, 160 grams (1 mole) of 
3-(pentylthio) propionaldehyde was added to 100 grams 
(1.1 moles) of thiosemicarbazide dissolved in 180 milli- 
liters (1.1 moles) of 6 normal hydrochloride acid. The 
addition was carried out with stirring and cooling of the 
reaction vessel in an ice bath. Following the addition, a 
solution of 180 grams (2.2 moles) of sodium acetate in 
540 milliliters of water was added to the reaction mixture 
and the resulting mixture maintained for several hours 
with stirring and cooling and at a temperature of 30° C. 
During the latter period, a 3-(pentylthio) propionaldehyde 
thiosemicarbazone precipitated in the reaction mixture as 
a crystalline solid. The product was separated by filtra- 
tion, recrystallized from aqueous ethanol, and found to 
melt at 172°-174° C. 


Structure representation: 


System notation: 


2 
-111 0 
0,0 


=Ni-Nie ——)  -C=NP=Ni- 


Code identification no.: 481 
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2,799,712 
FLUOROVINYL ETHERS 


Example V.—Preparation of ethyl 1,2-difluoro-2-chloro- 
vinyl ether 


A stream of 1,1,2-trifluoro-2-chloroethylene was passed 
through a drying tube and bubbled through a dry ‘sus- 
pension of 0.5 mole of potassium ethanolate in toluene 
which was cooled to 0-10° C. The addition of the 1,1,2- 
trifluoro-2-chloroethylene was continued at a slow rate 
for about three hours until an equivalent amount was 
absorbed. The temperature of the reaction mixture then 
rose to 25° C. The resulting thick suspension was cen- 
trifuged and the clear supernatant decanted and distilled 
to give 58 g. of ethyl 1,2-difluoro-2-chlorovinyl ether. 


Structure representation: 


Sites of reaction: 


System notation: 


ak F 


1 
0,0 


Code identification no.: 712 
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2,802,769 
INSECTICIDES 


EXAMPLE IV 
Preparation of 2,4,5-trichlorophenyl-beta-thiocyano- 
ethylsulfide 


24 parts of 2,4,5-trichlorophenyl-beta-chloroethyl- 
sulfide (prepared by known methods) were added to a 
solution of 30 parts potassium thiocyanate in 200 parts 
of ethanol. The mixture was refluxed for 12 hours. 
After filtration most of the ethanol was distilled off under 
reduced pressure and cold water was added to the residue. 
An oil separated and was washed with water, dried and 
distilled. The product crystallized on standing. B. P. 
12 mm./225-230°. Yield: 50%; M. P. 26° C., soluble 
in acetone, ether and alcohol. 


Structure representation: 


cl cl 


] @® 
cal S-C-C #cl + KeS -C=N —» Cl S$-C-C mS -C=N 
1 | 1 | 


Sites of reaction: 


1 2 3 4 14 
-C -Cl + Kins — -c -S 
! | 


System notation: 


f 2 1 3 4 4 1 
=A/42C1 =e=0C “ilMoKe 2="8 sitien a © 
l 0,0 0,2){, 0,0 0,0 0,0 0,1 


Code identification no.: 769 
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2,866,814 


TRIETHYLAMINE SALTS OF N-(NAPHTHYL)- 
DITHIOCARBAMIC ACIDS 


In a representative operation, 143.2 grams (1 mole) 
of 2-naphthylamine and 111.3 grams (1.1 moles) of 
triethylamine were dispersed in 1.5 liters of diisopropyl 
ether. This mixture was then heated to 60° C. and 
$3.8 grams (1.1 moles) of carbon disulfide added thereto 
with stirring. Stirring was thereafter continued, and the 
mixture maintained at 60° C. for two hours and then at 
45° C. for about 20 hours to complete the reaction. 
Following the reaction, the mixture was filtered to sep- 
arate a triethyl! ammonium N-(2-naphthyl)-dithiocar- 
bamate product in a yield of 76.3 percent. The product 
contained sulfur and nitrogen contents of 19.9 and 8.6 
percent, respectively, as compared to theoretical contents 
of 20 and 8.7 percent. 


Structure representation: ' 


zes 
® @ 1© OB 
IQ 1 
m™ 1060 90 @ Oe eo 
| + -C-C -N -C -C- + SsC =S —»> | AVN 
14 lo, | ® | 
8) | —C -C- 
oe i 
[>] [c] [a] 
6 
Sites of reaction: -C - 
mine re Cy 3} ¥ u OS Pas WE ee BS » |3 7 
eecUc NS + 9 OS —_— { C -N -C -S -N -C - 
> Nee i 
Ig lg 
=Cr— =Cle 


System notation: 


2 1 35353 6,7,8 in y 5 
-17/1N -+-C -1/3 N -C 1s =C 
0,2 F,01( 0,1 0,2 0,0 0,0 
ib c 


f 3} 4 | f 353,53 ed 
1N -S 3N -c 
0,1 0,01, 051 0,2 J 


Code identification no.: 814 ae 


2,813,819 


HEXAALKYL (ETHYLENEIMINO THIOMETHYL- 
IDYNE) TRIPHOSPHONATE 


Example 1 


N-Ethylenetrichloromethanesulfenamide (19.2 g., 0.1 
mole) was cooled in ice and stirred as 66.4 g. (0.4 mole) 
of freshly fractionated triethyl phosphite was added dur- 
ing a time of about 12 minutes. The resulting solution 
was heated to about 110° C. and ethyl chloride began to 
collect in the trap attached to the condenser with which 
the reaction vessel was equipped. The temperature of 
the reaction mixture was brought to 140° C., at which 
point the reaction mixture began to darken. It was 
then cooled to 30° C., put under water pump vacuum, 
and heated to 50° C. At this point 16.2 g. of ethyl chlo- 
ride had collected in the trap. The theoretical quantity 
for replacement of all three chlorine atoms from the 
amide is 19.2 g. Distillation of the reaction mixture 
to remove material boiling below 72° C./0.1 mm. gave 
as residue 48.1 g. of the dark red hexaethyl (ethyl- 
eneiminothiomethylidyne)-triphosphonate, n> 1.4682 


Structure representation: 


Sites of reaction: 


1 
Cl 


2 
=C 


ly 


cl 


0) 


onl 


Toy 


cl 


3 
Cl 


+ 


System notation: 


0,0 


pds Be 
[3 Gt cay 
9,0 


8,9,10 11,12,13 11,12,13 2,2,2 
ae bey ae = i 


be] 
Q-C-C- 


I 
| 
CN lb © | CO! one) elle 
| -N-S-C Cl + 3 -C-C 0 P =0-6-C= —> 
1 | i 


> 
+ | N-S-C @Pp  -0-C-C- 
aa 


Jouy ea] 
Loe 
0) = P>-0-C=C- 
Lyi 
C-C- 
Let 


[a] 


=C 
| 


55647 8,9,10 11,1213 8 nN 2 
-C -0 -P 


—> 0=P -C -P = 


| | 
1 10 
P EEG 


0,0 0,0 0,2 0,0 


aa 


0,0 0,0 0,0 


c 


Code identification no.: 819 


a) 


2) f 8,9,10 56,7 89,10 11,12,13)| 
3/1 0 S@ 10 -P | 


0,0 


0,0 


h 


13,4 5,6 
Pea ran 


0,0 


1 


a,b 


2,865,929 
THENYL UREAS 


Example 1 

Yo a suitable reaction vessel is added and mixed 18.8 
parts by weight of 3,4-dichlorophenylisocyunate, 11.3 
parts by weight of a-thenyl amine, and 86 parts by 
weight of diethyl ether. The reaction is very vigorous 
and permitted to scek its own temperature level. Upon 
cooling the mass the precipitate is filtered off and washed 
with two 15 parts by weight portions of dicthyl ether. 
The product on drying is N-(3,4-dichloropheny!) N’-(«- 
thenyl) urea (white granules, M. P. 169.8-170.5° C.. 
yvicld:=99% ). 


Structure representation: 


Cl cl 


0 
C1 Bo + er) a cal Pk @ Ss 


[| i) 


Sites of reaction: 


2 3 4 1. 2 4 
N =C + -=-N -C —> + =-N-C pe = 
| eal 


System notation: 


1 2 3 4 f 1 2 
[tx =C ] [1x -c | +111N =C | 
0,0 0,0lf. 0,2 0,21( i 0,1 0,0 
a 


Code identification no.: 929 
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Patent No. 


2,640,067 
2,712,011 
2,712,029 
2,719,158 
2,719,161 
2,793,224 
2,859,245 
2,858,295 
2,856,406 
2,818,408 
2,854,481 
2,799,712 
2,802,769 
2,866,814 
2,813,819 
2,865,929 
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APPENDIX C 
LISTING OF ELEMENT-BOND STRUCTURES 


The element-bond structures used to describe 
the processes analyzed in Appendix B arecollected 
in this appendix. 

The units are arranged in the following order: 


1. Alphabetically by element abbreviation 


a. By order of superiority based on the 
element-bond groups 

aa. By order of superiority based on the 
subscripts 


The following rules were applied in ordering 
the terms: 


1. a. For the units composed of carbon and 
another element, carbon is placed second 
in the term. 

b. For the units composed of elements other 
than carbon, the elements being dissimi- 
lar, the first element alphabetically pre- 
cedes the second. 


2. The bond order of precedence is 


oe > 


a — > > 


3. The order of the subscripts is as follows: 
a. In the first subscript position, 
e>WwW >wpP> PH>W>y>OD0. 
b. In the second subscript position, 
q> q-l> q-2> q-3, etc. 


The superscript and numerical prefix modifiers 
are not affixed to the element-bond structure terms 
for the purposes of this listing. Neither modifier 
affects the substantive nature oftheunit. The rela- 
tionships and process specifics symbolically ex- 
pressed by these modifiers are determinable from 
the complete notations in Appendix B. 


The numbers associated with the element-bond 
structures are the codes for the patent numbers of 
Appendix B. 


The listing is an ad hoc device for surveying the 
element-bond terms required to represent the 
process changes. Its value for dictionary, statisti- 
cal, and other purposes has not been determined. 
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Br,C Ciye 


Br -C 408 Chi) 011 
050 44 0,0 “,0 
cl -c 
Br,N OF0) HOs2 224 
769 
Br -N 4.08 819 
050: Os 
Cl) J="¢ 029 
0,0 0,0 819 
c,c 
C=C C1,N 
Cc =C¢ 408 Cl =N 067 
¥#,0 wy 0,0 0,4 
Ko: 011 
“1 ur, C1,P 
Cl -P 011 
COR=tC 408 0,0 0,0 
£51 ¥,0 
CheL=UC 029 C1,S4 
O52). 10,4 [c2,84| 
Cl -Si 067 
0,0 0,0 
Cie=ic 011 
One Ost 
F,C 
C-C 
— F -C 245 
Cc -C 408 0,0 0,0 712 
FP 51 
Cc -C 408 F,S 
FY,O 1 
z , Pp of 2k5 
0,0 0,0 
Go 029 
aro 2 
K,0 
© =<=C 011 
O14 ary Ki 0 712 
0,0 0,0 
c 6 -C 408 
¥,1  =¥,0 - 
K,s 
G a@ 011 K -S 224 
Ost 050 0,0 0,0 769 
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APPENDIX D 
SAMPLES SEARCHES 


The ability of this system to respond to search 
questions for chemical process information is dem- 
onstrated in this appendix. The search question is 
translated into the notation of the system. The 
search is in two parts: (1) the Appendix C list is 
searched for the element-bond structures in the 
question, and (2) the Appendix B analyses which 
contain all the desired element-bond terms are 
searched for the remaining process information. 
An exact match of all parts of the question except 
the superscripts with terms for the disclosed proc- 
ess represents an answer. The superscripts are 
arbitrary numbers and, therefore, numerical ident- 
ity of superscripts between any two otherwise 
identical sets of terms is accidental. The super- 
scripts do show whether a plurality of [ ]’s for a 
particular process are related as indicated by the 
question. 


A symbol is introduced for purposes of asking a 
question, ?. The_? is substituted for any symbol 


representing information which is suppressed in 
making the search. Suppression of a piece of in- 
formation broadens the scope of the search ques- 
tion. Thus, a carbon atom at a site of reaction 
which may be part of a chain, a carbocyclic ring, 
or a heterocyclic ring, and which has no bonds 
with hydrogen is represented by Cy 9° 


When more than one possible variation for a 
particular item of the notation is sought, the vari- 
ations are multiply stated. Thus, a carbonatom at 
the site of reaction in an “alkylene” group may be 
part of a straight or branched carbon chain and 
may have no bonds with hydrogen or up to two bonds 
with hydrogen. The representation for the carbon 
atom is Cy /o\.- 

0, (3) 


The full discriminatory value of the system re- 
mains to be explored. Process condition informa- 
tion and standardized terminology, conceptually 
noted in the report, will be exploited. 
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SEARCH # 1 


For: A process for the preparation of fluoroalkyl compounds which comprises 
reacting sulfur tetrafluoride with an organic compound containing at 
least one oxygen doubly bonded to one carbon, any remaining atoms on 
said carbon being singly bonded to said carbon and at most one of said 
remaining atoms being monovalent. 


Structure representation: 


F 0 

Te) \ c 
F-S A) + SOO Se == ee 

: 

F 


1 2 3 2 
S <5 + ***C =0 —— F -C eee 
Question: 
2 1 y 3 2 3 \ 
-|?F = Ss -?/2 0 =C +2/2 F -C 
0,0 0,0J(, 0,0 2,2). Os Ono? sa 
Appendix B: 
011 245 245 
245 158 408 712 
161 481 
Appendix A: 
J pn 3,5 ll 335. Mtl 
245 is “[1 9 =C -1|2F -S +1]2 F -C 
au ni 0,0 0,0J(, 0,0 0,0J{, 0,0 0,04 5 


Answer: 245 
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SEARCH # 2 


For: A method of making a compound having the formula R-O S 


wherein R is a lower alkyl radical, comprising Nl 

reacting p-chlorophenyl chloromethyl sulfide P-S-CH -s-{)-01 
with a Sores etun salt of a di-lower alkyl Wa 2 
dithiophosphate. Z R-O 


Structure representation: 
R-0 s Ss 
® © N\ 4 “ 4 
a )-s-¢ acl s+ EN © — oy ‘\9 a 
Peon S mek 


Le] [¢] 


Sites of reaction: 
ieee 3 4 3 1 
Riese + S -K — s-C- 
| 


Question: 
Lieto b Lie 2] 
-1}1 Cl -C -1]/1 K -S 
’ 0,01 1052 ee 0,0 0,0 


Appendix B: 


224 22k 224 
769 769 769 
819 


(=p 
» 
t 
ay 
[rea 
any 
one 
. 
[e) 
' 
a 
.o) 
fe) 
eS) 


769 4 


22k 4 ss 1 or, 8 
— 0,2 


Answer: 
769 
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SEARCH # 3 


For: A process which comprises reacting a compound of formula R-N 2 
with a compound of the formula 5 1 _R3 R -0OH 
to produce a compound of the R’°-0-C-R -N 
formula 2 1 5) \ Np 
R -0-C-R -N-R 5 
R-—N i} ly wherein R’ is a lower alkyl group; R is a 
0 R member gf the group consisting of lower 
alkyl.and phenyl-lower alkyl groups; R' and R° are lower alkylene groups; 
and R3 and R‘ are members of the group consisting of lower alkyl groups, 
phenyl STOUpS , phenyl-lower alkyl groups, lower alkene groups, and groups 
in which RY and R* are joined to form a monocyclic heterocyclic group of 
the group consisting of the morpholino, piperidino, and pyrrolidino groups. 


Structure representation: 
0 1) 
AO 0 6)) 
R-N + R O0-C-R -N — R-N R 
Eom So (Qh Oe z 


= P| [e} 


Sites of reaction: 


. 


31 : o1 
Mee SS le 4 288eot ene el aon 

5 ° 
Question: 


011 029 408 029 712 
067 067 712 067 819 
406 406 819 4.06 


Answer: 406 
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SEARCH # 4 


or: A process of making a compound of the structure a NH-C-NH-CH s 
which comprises reacting -thenylamine with b i 2 | | 
a compound of the structure x 


wherein X is selected from a NCX e 
the group consisting of b 
oxygen and sulfur, wherein a, b, and c are selected from 


the group consisting of c hydrogen and halogen, and 
wherein the substituents a, b, and c total at least two 
halogen atoms. 
Structure representation: 
® ® ©@ O® 
a O12), OLE a N euc-mmy-c _- 5 
b + | 7} —> f Il [ 
b X 
c © 


Le] [e] 


Sites of reaction: 


ec) CN -C IW -C - 


Question: 
leete 3 y bo 2 Sask a) 

“1/1N  =C -1]4N -c ake -C | in -C | in@ = 
0,0 0,0)( 0,2 0,2 fy 0,1 0,0] L o,1 0,0} Lb 0,1 0,2 


Appendix B: 


295 295 011 «814 011 «814 295 
929 929 295 929 295 929 929 


Appendix A: 


1 2 N J 3 4 3 4 3 2 
295 is <-1]1N =C ={/4N) -C [an =C E =6 | 
ees 0,0 0,0 a t 0,2 0,2 if 0,1 0,2) | 0,1 0,0], 


Answer: 295 
929 
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SEARCH # 5 


For: A method which comprises heating N-ethylene trichlormethane sulfenamide 
with a trialkyl phosphite having from 1 to 5 carbon atoms in the alkyl 
radical and recovering from the resulting reaction product a hexaalkyl 
eathyleneiminothiomethylidyne triphosphonate having from 1 to 5 carbon 
atoms in the alkyl radical. 


Structure representation: 


R-0 O-R 
Oo) Qo © 
\ cl | aa O-R 
=< 6 6 bond 42,0 “by Illy 
| N-S-c =ecl + 3R oN pT -0-R | N-S-C =P 
a sae ee lo O-R 
4 : | = P-—O-R 
O-R 


(i) [e] 


Sites of reaction: 


1 
hi 
lo 3 5,6,7 8,9,10 11,12,13 WO “ish 2A & 
Ci —o + 3C -0 -P — > 0 =P -C-P =0 
| | 
cit p69 
Question: 
f dese Onan 859,10 5,657 8,9,10 11,12,13 
-1) 3 Cl -C -3/ 1 0 -¢ 10 - P 
1 O50 840, OMsel(e 0,0 0,2? 0,0 0,0 
89,10 11412,13 Wini2at3s soe \ 
+113 0 =P 3 P -C 
0,0 0,0 0,0 0,0 ast 
Appendix B: 
C1-€ oo Ca ee SE 
029 029 408 819 029 029 
819 067 712 819 819 
406 819 
Appendix A: 


819 is (-1/3cl_ -C -3/10 -C ] 10. =P ] I. 30 =P 

AR 0,0 0,0 |(, 0,0 0,2j[ 0,0 0,0 a 0,0 0,0 
(superscripts omitted) 3p) --C 

Answer: 0,0 0,0 so{c 
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SEARCH 6 


For: A method for preparing “-(pentylthio)alkanoic aldehyde thiosemicarbazone 
which comprises reacting a-(pentylthio)alkanoic aldehyde with 
thiosemicarbazide. 


Structural representation: 


s 
(pon ee” + HPP ot —. Cpe Se Pen. 


1 2 3 4 1 4 
-C =0 + sticky —>- -C =N-N- 
Question: 
2 1 3 4 3 4] 4 3 
-1}10 =C -1}1N -N [aw =C ] iN -wN | 
0,0 0,1 x 0,2 0,1 ~ 050° 0,1 ash 0,1) O50 blo 
Appendix B: 
161 011 +161 161 158 
481 158 481 481 161 
481 
Appendix A 


A oo q fh 1 he 3 i 
161 is -i[10, ae =| 15 nN [np =C | fis -N 
0 0,1)(, 0,2 0,1) (, 0,0 0,1 ae 0,1 0,0 Li 
Answer: 161 
481 
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